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Erbium-doped yttrium aluminium garnet laser-assisted access
osteotomy for maxillary sinus elevation: a human and animal
cadaver study
Abstract
OBJECTIVE: To evaluate the usability of a variable square pulse (VSP) erbium-doped yttrium
aluminium garnet (Er:YAG) laser for a lateral access osteotomy to the maxillary sinus in the course of a
sinus elevation procedure.
MATERIALS AND METHODS: In six formalin-fixed human heads and six fresh sheep heads, a VSP
Er:YAG laser was used to perform a bilateral maxillary access osteotomy. For the osteotomies, the
Er:YAG laser was applied with a pulse energy of 1000 mJ, a pulse duration of 300 mus, and a frequency
of 12 Hz. The spot size was 0.9 mm, and the handpiece was kept approximately 10 mm from the bone
surface.
RESULTS: In all 24 sites investigated, the Er:YAG laser osteotomy was possible without any visible
carbonization or thermal damage. The average time required for laser osteotomy for 12 standardized
rectangular lateral windows in human cadavers was 39 s. No anatomical structures limited laser
osteotomy, yet a critical evaluation of any membrane perforations was not possible because the
postmortem fixation method caused partial detachment and fractional destruction. Laser-access
osteotomy in six fresh sheep heads (12 sites) revealed major disruptions and perforations (<8 mm) of the
sinus membrane (100%).
CONCLUSION: Even though VSP Er:YAG laser osteotomy showed convincing results for efficient
bone cutting without thermal damage, applied laser parameters do not seem to be practicable for any
clinical sinus elevation procedure. Missing depth control resulted in uncontrollable severe damage of the
underlying membrane.
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Abstract
Objective: To evaluate the usability of a variable square pulse (VSP) erbium-doped yttrium aluminium garnet
(Er:YAG) laser for a lateral access osteotomy to the maxillary sinus in the course of a sinus elevation procedure.
Materials and Methods: In six formalin-fixed human heads and six fresh sheep heads, a VSP Er:YAG laser was
used to perform a bilateral maxillary access osteotomy. For the osteotomies, the Er:YAG laser was applied with a
pulse energy of 1000mJ, a pulse duration of 300 ms, and a frequency of 12Hz. The spot size was 0.9mm, and the
handpiece was kept approximately 10mm from the bone surface. Results: In all 24 sites investigated, the Er:YAG
laser osteotomy was possible without any visible carbonization or thermal damage. The average time required
for laser osteotomy for 12 standardized rectangular lateral windows in human cadavers was 39 s. No anatomical
structures limited laser osteotomy, yet a critical evaluation of any membrane perforations was not possible
because the postmortem fixation method caused partial detachment and fractional destruction. Laser-access
osteotomy in six fresh sheep heads (12 sites) revealed major disruptions and perforations (<8mm) of the sinus
membrane (100%). Conclusion: Even though VSP Er:YAG laser osteotomy showed convincing results for effi-
cient bone cutting without thermal damage, applied laser parameters do not seem to be practicable for any
clinical sinus elevation procedure. Missing depth control resulted in uncontrollable severe damage of the un-
derlying membrane.
Introduction
Amajor prerequisite for successful placement and sus-tainability of dental implants in the edentulous posterior
maxilla is the availability of sufficient quality and quantity of
residual bone between the alveolar crest and the floor of the
maxillary sinus,1–3 but after tooth loss in the posterior maxilla,
atrophy-related bone resorption often leads to distinct alve-
olar bone deficiencies that require augmenting procedures to
reestablish the missing original dimension. Reduced alveolar
bone height can be attributed to postextraction resorption in
the course of periodontal disease, pathologic processes, or
trauma.4,5 In addition, a resumption of maxillary sinus
pneumatization contributes to the vertical loss of residual
bone height. Disuse atrophy is assumed to support this so-
called fourth expansion phenomenon of the maxillary sinus6
because of missing biomechanical stimulation through func-
tional forces transferred to the bone through the periodontal
ligament.7 Further reasons for progressive pneumatization
can be attributed to positive air pressure within the sinus
cavity, heredity, metabolic processes, and former sinus sur-
gery.8–10
Various surgical sinus grafting techniques have been
proposed to increase the lost vertical bony dimension in the
posterior maxilla and to internally augment the bone volume
in the pneumatized maxillary sinus. The most widely prac-
ticed method is the classical buccal antrostomy approach of
Tatum and its modifications.11–14 Even though surgical ap-
proaches to the sinus cavity have been modified and im-
proved over time, the surgical instruments used to perform
an osteotomy have hardly changed. Dental drills and os-
teotomies are still approved as the standard instruments to
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perform a sinus elevation procedure. Ultrasound-based os-
teotomy (piezoelectric surgery) has also been found to be a
safe alternative for osteotomies of the lateral sinus wall be-
cause it is able to make a selective cut of mineralized bone
substances with minimal risk of iatrogenic damage to adja-
cent soft tissue structures such as nerves and vessels.15
Nevertheless, there is still a risk of perforating the membrane
by too much contact pressure or sharp surgical tips. This
contact cannot be avoided, because the piezoelectric ultra-
sound wave must be transmitted through direct contact be-
tween the tip of the instrument and the bone.
In this context, a noncontact osteotomy technique with an
absence of sharp-edged surgical tips would be preferable to
reduce the risk of iatrogenic and mechanical trauma to the
membrane. Noncontact, blood- and vibration-reduced erbium-
doped yttrium aluminium garnet (Er:YAG) laser surgery
with free choice of cut geometry and prevention of massive
bone mill and metal abrasion has proven to be beneficial in
oral and maxillofacial surgery.16 Therefore, it was the pur-
pose of this study to evaluate the usability and surgical
outcome of a variable square pulse (VSP) Er:YAG laser for a
contact-free lateral-access osteotomy to the maxillary sinus in
six human and six sheep cadaver heads.
Materials and Methods
Subjects
Twelve formalin-fixed human half heads, cut in the sag-
ittal plane, with edentulous posterior maxillae and free from
any bone pathology, were obtained from six human cadavers
(3 male, 3 female). Their ages ranged from 43 to 77, with a
mean of 52. All subjects had bequeathed their bodies to the
Dr. Senckenbergische Anatomie, Goethe-University Frankfurt=
Main, for medical–scientific research and training purposes.
Additionally, fresh heads of six female Swiss White Alpine
Sheep, aged 2 to 3, with an average body weight of 62.9 kg
(range 49–75 kg) were used to evaluate the frequency and
severity of membrane perforations after bilateral laser os-
teotomy of the sinus wall.
Laser system
For laser osteotomies a VSP Er:YAG laser with an articu-
lated arm delivery system (Fidelis Plus III, Fotona, Ljubljana,
Slovenia) was employed. In all cases, the Er:YAG laser (R02
handpiece) was used manually, guided with a spot size of
0.9mm at a distance of approximately 10mm from the bone
surface. The laser settings used for bone cutting were pulse
energy of 1,000mJ, pulse duration of 300ms, and a frequency
of 12Hz (energy density 157 J=cm2). Applied water spray
level was 40 to 50mL=min.
Surgical procedure
After dissection of soft facial tissue layers of human and
sheep cadaver heads, the buccal sinus wall was exposed, and
an Er:YAG laser osteotomy was performed (Fig. 1). In the
human specimen (6 left, 6 right mid-sagittally-cut heads), a
standardized bone window 10mm long and 5mm high was
created with the VSP) Er:YAG laser using the external lateral
sinus floor elevation technique. A prefabricated flexible me-
tal template was applied and fixed in the region of the former
first molar to allow for reproducible dimensions and topo-
graphical location of the sinus wall osteotomy (Fig. 2). The
laser was guided fluently around the template, and the bone
was completely ablated under visual depth control until the
membrane or the sinus cavity could be seen. To avoid any
pronounced deviations of the original angulation of the laser
beam, the pilot beam was kept at a right angle to the bone
surface.
In the 12 sheep lateral sinus osteotomies (6 left, 6 right
mid-sagittally cut heads), the buccal sinus wall was exposed,
and a rectangular standardized bone window 10mm long
and 5mm high was created (Fig. 3). The same prefabricated
flexible metal template was applied and fixed, but the ex-
perimental analysis was primarily focused on careful and
thorough preservation of the membrane and on the assess-
ment of possible frequency and severity of membrane per-
forations. Therefore, the surgical procedure was meticulous
and elaborate (reduction of ablation volume, numerous in-
terruptions for visual control), which was time consuming
and clinically not recommendable.
FIG. 1. Lateral window osteotomy in a sheep cadaver head.
The visible red pilot beam of the laser handpiece indicates
the spot area of laser ablation. (Color image can be found at
www.liebertonline.com=pho).
FIG. 2. Fixation of the metal template in the right molar
region of a formalin-fixed human half head for a reproduc-
ible shape and size of the access osteotomy.
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Results
Lateral access window osteotomy to the maxillary sinus
was feasible in all human and animal cadaver heads using
the VSP Er:YAG laser. Constant surface cooling with the
water spray of the laser handpiece resulted in no carbonizing
effects or collateral damage to the mineralized tissue sur-
rounding the osteotomy gap. The cutting edges did not ex-
hibit any charred tissue. These findings were in accordance
with unpublished clinical and histological findings in human
and animal bone using the same laser system. Histological
analysis of Er:YAG laser osteotomy revealed no signs of
thermal tissue damage to the underlying bone structures
and, after 3 months, advanced bone remodeling. The han-
dling and positioning of the laser beam free from constraint
required special care because there was no mechanical sup-
port between the handpiece and the bone surface, but by
using a prefabricated metal template and careful guidance of
the pilot beam at right angles to the bone surface, almost
uniform bony windows 10mm long and 5mm high could be
made. Nevertheless, the osteotomy rims had minor surface
irregularities. The average time requirement for maxillary
sinus access osteotomy in the human half heads was 39 s.
Neither anatomical nor surgical–technical constraints limited
the use of the laser device more than the employment of
conventional instruments. No septa hindered the access os-
teotomy or the loosening of the window, so all bony lids
could be completely removed. In three cases (25%), the lat-
eral alveolar crest was thin enough that the sinus cavity
shined slightly greyish through the sinus wall, but an eval-
uation of the underlying sinus membrane after laser os-
teotomy was barely possible because of the fixation method
of the cadaver heads, which caused partial detachment and
fractional destruction to sinus membrane (Figs. 4, 5). Os-
teotomy was stopped as soon as the remnants of the sinus
membrane or the sinus cavity could be seen.
The properties and condition of the sinus membrane after
laser access osteotomy were evaluated in the six fresh sheep
heads with bilateral maxillary sinus access osteotomies. Be-
cause cutting speed was not of primary importance (average
time requirement for the laser osteotomy 56 s), the surgeon
could concentrate exclusively on careful preservation of the
membrane. Neverthelss, in all 12 sites (100%), laser os-
teotomy provoked disruptions of the sinus membrane. In 10
cuts (83.3%), approximately half of the sinus membrane was
thoroughly perforated and slashed directly beneath the laser
ablation process (visual inspection). Extensions of membrane
FIG. 4. Standardized lateral access window osteotomy to
the maxillary sinus in a human cadaver half head. The typ-
ical craggy surface is visible.
FIG. 5. Lateral view (a) and insight (b) into the human
sinus cavity. The underlying sinus membrane is obviously
perforated, but the partial detachment and fractional de-
struction hampers critical evaluation of the membrane after
laser osteotomy.
FIG. 3. Rectangular window osteotomy in a sheep maxilla
using a template.
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disruptions were according to circumferential laser guidance
(Fig. 6). Hence, during careful attempts to remove the bony
lid, membrane disruptions larger than 5mm in diameter
occurred. Only in two cases could smaller (<3mm) and ir-
regularly scattered spot-sized perforations be observed,
which allowed removal of the bony window and at least
partial elevation of the residual membrane proportions.
Discussion
This study firstly analyzed the usability of a VSP Er:YAG
laser for a lateral access osteotomy to the maxillary sinus and
its effect on the underlying sinus membrane in six human
and six sheep cadaver heads. Laser osteotomy was per-
formed bilaterally in the left (each 6) and right (each 6)
maxillary sinuses. Even though the VSP Er:YAG laser pro-
vided unimpaired cutting efficiency for window osteotomy
in 12 human and 12 animal surgical sites, a high risk of
membrane perforation was observed.
Generally, sinus floor elevation has proven to be a safe
and predictable treatment option in implant dentistry, with a
low incidence of complications,17 as has the crestal osteo-
tome technique according to Summers,18 by which the floor
is elevated using osteotomes through implant osteotomy
sites with or without additional grafting and immediate
implant placement.19,20 The lateral approach to the maxillary
sinus is a widely approved surgical procedure with an av-
erage gain of sinus elevation of 10 to 12mm.21 Nevertheless,
the most prevalent anatomical and technical complication
of this technique is a disruption of the membrane by an os-
teotomy, using rotating burs or lifting the membrane using
manual devices,22,23 but resultant large perforations (<5mm)
of the sinus membrane are a contraindication for surgical
conduct of the sinus elevation procedure, especially if
grafting materials are composed of granules or chips.24
Whereas anatomical risk factors for possible membrane
perforation such as thin residual alveolar ridges or irregular
septa can be assessed according to preoperative clinical and
radiologic diagnosis, technical drawbacks such as sharp and
rotating cutting tips are difficult to overcome and thus
jeopardize the success of the surgical intervention. To reduce
the probability of any membrane perforations during a lateral
window osteotomy, recent developments of piezoelectric
bone cutting were seen as a possible solution for an advanced
access osteotomy to the posterior maxillary sinus.25,26 The use
of a piezoelectric device for sinus elevation in 100 consecutive
cases has led to a reduction of the average reported rate for
membrane perforations to 30% and with rotating instru-
ments to only 7%.27 On the other hand, results of a late
randomized controlled clinical trial in 13 patients requiring a
bilateral maxillary sinus augmentation procedure revealed a
perforation rate of 30% in such cases when a piezoelectric
device was applied and of 23% in cases in which conven-
tional rotating instruments were used.28 Even using inno-
vative and forward-looking piezoelectric instruments, the
possible risk and incidence of iatrogenic membrane disrup-
tions could not be consistently decreased.
In contrast, laser ablation with its constraint-free posi-
tioning of the laser beam, which does not limit the osteotomy
line or geometry, and its noncontact mode of operation, with
the consequent absence of mechanical pressure or stress on
the bone, offers several possibilities for oral surgical proce-
dures. Until now, clinical reports, especially with erbium
lasers, have demonstrated the potential of a successful laser
osteotomy in oral and maxillofacial surgery.29 The most
important criteria for the choice of a laser procedure are
thereby effective and fast bone ablation with avoidance of
any thermal or thermomechanical damage of the treated
tissue. Whereas osteotomies without any thermal damage or
wound healing disturbances are clinically feasible,30 missing
depth control and a considerable length of time required are
still prevailing limitations. In a recent feasibility study in-
vestigating ramus osteotomies in porcine and human jaws,
the Er:YAG laser osteotomy with pulse energies of 500 to
2000mJ and energy densities of 63 to 255 J=cm2 took 5.33 to
28min depending on the laser parameters.31
Because such a length of time was clinically not feasible in
this study, a different VSP Er:YAG laser system was chosen
with an energy density that had already been efficiently
tested for intraoral osteotomies, disclosing no carbonizing
effects or collateral damage to mineralized tissue surround-
ing the osteotomy gap.32 The VSP Er:YAG laser system has
an almost square-shaped pulse profile with an approxima-
tely constant power within the pulses and a pulse modality
that does not shift uncontrolled during a pulse under hot,
warm, or cold ablation conditiong.33 Consequently, thermal
stress on the bone is minimal. On this basis, together with the
noncontact application mode, laser ablation also seemed to
be highly capable and beneficial for a lateral-access os-
teotomy to the maxillary sinus. Although handling of the
manually guided laser system was not complex, lack of
depth control required a profound knowledge of the ana-
tomical situation and careful and constant visual monitor-
ing of the laser ablation. Checking the osteotomy site was
compulsory to avoid any iatrogenic perforations of the mem-
brane, but neglecting any concomitant surgical circum-
stances such as cut dimensions and operation time in an
experimental sheep model, the exclusive clinical focus on the
preservation of the sinus membrane during laser osteotomy,
did not forestall this complication. Comprehensive disrup-
tions occurred in all cases.
FIG. 6. The bone surface after lateral-access window os-
teotomy does not exhibit any charred tissue, but the mem-
brane is thoroughly perforated and slashed directly beneath
the laser ablation procedure.
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Conclusion
Although the VSP Er:YAG laser with a wavelength of
2.94 mm was effective for fast and thermally inoffensive bone
ablation of the maxillary sinus wall in human and animal
cadaver heads, it currently cannot be recommended for
clinical application. Lack of depth control brings high risk of
damage to the underlying sinus membrane, which cannot be
avoided even with a profound knowledge of the anatomical
situation and careful and constant visual monitoring of the
laser beam by an experienced surgeon. The preservation of
intact membranes is vitally important for maintaining the
normal function of the maxillary sinus and to avoid any
postoperative complications in the course of a sinus elevation
procedure.
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